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Section 1: Getting Started with the HOT-SMAC Interface
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Getting Started with the HOT-SMAC Interface.

Setup Tab

1.

Go to Start|Programs|HOT-SMAC to start the HOT-SMAC interface.

2. On the Setup tab, choose a grading scheme, either graded in one dimension or

3.

graded in two dimensions.

Choose a constitutive model. For this example, choose Elastic-Plastic (the
default) as the constitutive model. Therefore, only elastic or elastic-plastic
materials can be chosen for this analysis.

Notice in the Materials frame that there are currently zero phases (or materials)
available. To set up materials, press the “Select/Define Materials™ button.

a. When this button is pressed, a default material called “New Material” is
created and shown in the HOT-SMAC Material Editor form. Change the
name of this material to “Elastic-Plastic Material” and press the <Enter>
key. Press the “Apply Change” (A) button to save this change.

b. To create a second material, press the “Copy Material” button (B) and

4G

Mate 4B w

-1 SMAC

Applyohangel Copy Material | Delats M “] Prev Mat "I Next Mats "]

Meterial Name IElasnc-PIosm: Material

~ Temperature Independent Propertieg —--—-——- ;- Temperature Dependent Properties — —
Mechanical Properties | Mechanical Properties
E (axial} 80000 © Yield Stress |
——— o |
E (ransverse) [go000 ¢ PlasticModulus
I ! Delete
G 740 . Crasp Coefficient I At Lo |
Poissons (exiel) |g 2 Creep Exponent I E i
Poissons (trans.)|0 26 ¢ Cresp Adivation [.7r .t i
| Energy ‘
Thermal Properties : Thermmal Properties :
K (edel) P elphe (mdal) [ootocoss J‘
K{ronsverse) {12 alphe (ransverse) [00000035 !
E Material Mode! [Elastic-Flastic vI
| Axis of Symmetry G1 2013
© {Axiel Direction) I |

name the new material “Elastic”. Change this material to an elastic-only
material by selecting “Elastic” from the Material Model dropdown (C) and
then press the “Apply Change” button. Notice that all properties except
the elastic properties are disabled for this material.

c. Switch back to Elastic-Plastic Material by pressing the “Prev Material”
button (D).

d. You can make this material temperature dependent by “copying” the
current temperature dependent material properties and then changing the
copied properties. To copy the material property, press the “Copy” button
(E) in the Temperature Dependent Properties frame and then type 650 for
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the new temperature. For the yield stress at 650 degrees, type 269.5 and
for the Plastic Modulus, type 670. Press the “Apply Change” button (F) to
apply these temperature dependent changes.

At this point, the materials only exist in the computers memory. You can export
these materials to an ASCII file by selecting Export Materials from the File
dropdown menu (G) and select a file name to export the materials to. To import
these materials into a new HOT-SMAC model, select “Import Materials” from

this same menu.

e. Close the material editor form.

Geometry Tab

5. Click on the Geometry tab to change the HOT-SMAC problem geometry.

fle Options Hdp

alixl

Problem Tdle [Sampie Problem Ttie

| ThemsiBC.

Setup Y

 Rows
Total Height (x2)

Subcells in 2 direction 110
| Linsar Geads in X2 direction
i Grading Facor

| Columny -

j Subcets In 3 directon fo
: (wven intege)
i Lineas Grads in XJ direclion

g i
| (even intager) ﬂ j

4

—

o

| Towllonghody)  [i7 ;

ﬂ’
d

Selectad Raw(s)

Setected Coiumn(s)

6. You can change the number of subcells in the 2 and 3 direction by adjusting the

numbers at A. If you want to grade the spacing in a particular direction, check the
“Linear Grade” checkbox (B) and enter a grading factor. The grading factor is the
ratio of the last cell spacing to the first. If you enter a negative number, then the
number is the ratio of the first cell spacing to the last. Enter 5 for the Factor as
shown above and press the Update button (C). The figure should appear as shown

here.

You can also select cells or ranges of cells
on the figure to apply changes manually by
placing the mouse cursor over the figure and
dragging a bounding box. All cells within
the bounding box will be selected and turn
gray. At this point any changes made to the
height, width or linear grading will be
applied only to the selected cells. You can
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also make changes to individual row heights and column widths by pressing the
“Enter Row Heights” and “Enter Column Widths” buttons (D).

Materials Tab

7. The next step is to assign materials to the cells of the HOT-SMAC model. Click
the Materials tab.

You can assign materials for a cell, a range of cells, or you can let the
software automatically grade the material over a range from one oS

material to another. Uniform
8. Select all of the cells in the model by dragging a bounding

box through all cells and releasing the mouse button. From the

“Material” dropdown list (A), select the Elastic-Plastic e

Material. Press the “Apply Material” button. Now all of the Choose Material..

cells in the model have been assigned the Elastic-Plastic =

Material. HChoose Mutengl.

9. To automatically grade the cells from top to the bottom, check

the “Automatic Grading” radio button (A). A second frame

called “Automatic Grading Options™ will appear. Change the
N ’ type of grading (B) to “Linear”. For the
First Material (C), choose “Elastic-Plastic
Material” and for the Second Material (D),
choose “Elastic Material.” Now select all
of the cells in the model again (by drawing
a bounding box) and press the “Apply
Grading” button (E). The grading has a
certain amount of randomness to it, but it
should look similar to the figure shown
here.
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Thermal Boundary Conditions Tab

10. The next step is to apply the thermal boundary conditions to the model. Click the
Thermal BC tab.

[ Setup B Geamety | Materi ] ThemaiBC. ] _ MechanicelBC. | Analysis Ogtions | Results
. : o BC Magnituds
Apply Bf)undmy Conditions to: g =
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0
1 Tharmal Boundary Condition - - - E . R R T —
1 - TE———
| Type ) . E 0
) ]Tempera&uvs -I - - :;: - °
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i SEE——————"
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- T ]
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+ - - []
i . K ER——
| I Linesr BC Distribution t — - —- :_
1 . ; — 1 S—
! AR
: L] [] S
: I
U S : Laysr# 0 -
i ]1 -I
m ]E Apply Boundary Condition l : '/ i
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This tab shows the boundary cells of the model with each thermal boundary condition
shown as a symbol on the edge of the boundary cell. The default boundary condition for
each cell is a uniform temperature (shown with the square symbol) of 0 degrees. You
can apply a flux boundary or a convective boundary by selecting cells and changing the
“Type” and “amplitude” of the boundary conditions at A and B. Keep in mind that at
least one cell must be a non-heat flux boundary in order to prevent singularities. For this
example, we will change the side boundary cells to zero heat flux, the temperature along
the top to 600 and the temperature along the bottom to 0.
11. Select the cells along the top boundary by dragging a bounding box around those
cells. Change the Thermal Boundary Condition type (A) to “Temperature” and
enter 600 for the Amplitude (B). Press the Apply Boundary Condition button (C).
12. Select the cells along the
right boundary, change the Baie aeie sees b Bl S
type to “Flux™, and set the » '
Amplitude to 0. Press the
Apply Boundary Condition
button. Repeat for the left >
boundary cells.

BC Magnitode

|E

362.5
525
487.5
- 480
411.8

w|
~a
[

337.5

3.5 - -

)
» ;
You can also apply a boundary Iy —
condition with a linear grade from » E
.3 e———

15

IUIARNR
1

one end to the other by checking the
*Linear BC Distribution™ checkbox.

)
!
]
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Mechanical Boundary Conditions Tab
13. The next step is to apply the mechanical boundary condition. Click the

Mechanical BC tab.
Setup T Geomet Y TremaiBC__ | [Mechanical8.C] | _ Anaiysis Optors | Results
Apply Boundery Conditions to:
[Entlre Grid j i
Boundary Type
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Type

Amplitude

Boundary Condition in 3 Direction
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N =
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-~ Unitorm Stress o Strainin 1 Diecton ) (= 3 Ganoralized Plane Svsin ~ Leyer#
. #gll  Volue Specifying Generalized Piane Strain IV 'l

cott ‘ inthe 3 decton wil il specsied

i

Apply Boundary Candition |

lT_zs [Fvvvﬂrv-vﬂ—vﬂ%—v——oq »
X

The default mechanical boundary condition is a fixed (zero displacement) boundary on
all cells. You can modify the boundary conditions for each cell or a range of cells just as
with the thermal boundary conditions. There are three preset boundary condition types
available for mechanical boundaries. Free (zero traction in each direction), roller (zero
normal displacement), and pinned (zero displacement in both directions). You can also
choose a “Custom” boundary condition with any combination of surface traction or
displacement in the two directions.

If the mechanical boundary conditions are changed, they must be set to ensure that there

is no rigid body motion to prevent singularities. For this example, leave the boundary
conditions as their default value of fixed on all boundaries.
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Analysis Options Tab

14. At this point, the physical problem is fully defined. Before submitting the HOT-
SMAC analysis, we must set up the parameters of the run. To do this, click the
Analysis Options tab.

Setup T G y ¥ Meterisis 1 TremelBC. | MechenicalB.C. | Analysis Options Results
1 Load History Options - — - i - —  Time Dependent Piot Options — - C {Fringe Options |
Step Number Losd % Time Step Echolnenad [~ 1 || 7
"5'] 25 : Time dependent plots Contour / Fringe Plots
00 100 Row = 1, Column = 5 l TimeStep = 1 ;
' TimeSiep = 10 i
o . TimeStep = 160 i
i
1
|
1
!

Add Time/Step ] m Mumﬁmppugl [ ~Add Conteinr Plot I m
; ~GlobaiC XY Plting Oplons - :
Moax herations [ 10 i

Raferance Temparature | 00 s - Raw (constant X2) plots
i 5 - Center
Convergence | 0001 | '

_ SwpnumberforXYPist  Column (constant3) plots ‘

TimeStep = 1 § - Center !
TimeStep = 100

. |
m Add¥%-Y Piot Time l Add % Plot lq

The Analysis Options tab is used to specify the number of analysis integration steps, the
Mendelson iterations for elastic-plastic analysis, the options for plotting results, and some
global parameters such as global reference temperature.

fac 4

Load %
For elastic-plastic problems, the load step is varied , ‘
linearly from O to a percentage of the full load as L _ &
shown in the Load History frame. The number of o &
load steps and % of load at each step are dictated | . &
by pressing the Add Time/Step button at A. For &
example, in the case shown here, the load will be &
applied from 0 to 25% of full load from load step 0
to 50, and from 25-100% of full load from load el
step 50 to 100. For time-dependent problems (e.g. i
creep problems), the time step is also dictated in e o .
this frame.

X-Y column and row plots are generated at the Time/Load steps entered in the “Step
Number for X-Y plot” window.

15. Click the”Add X-Y Plot Time” button at A and enter 100 so that the software will

generate X-Y plots at load step 100. Press the “Add X-Y Plot” button (B) on the
Analysis Options tab. A new form will appear labeled “Select XY Plot...”
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On this form, you can specify to plot either row plots or  purs—Ev=—
column plots on the HOT-SMAC model. The dropdown vy piotDirscion -2
list at C is used to select the row or column on which to | & pow{Constant2) Plet
plot and the radio button at D is used to dictate whether ¢ Colirfin (Constant3) Plot . 4
to plot the top, bottom or center for row plots, or the SRR
right, left or center for column plots. ¢ Botom & Center' € Top

-

16. Select Row 5 from the dropdown combo and
then press the “Add Plot” button. The created
plot will appear in the “Row (constant X2)
Plots” list box (A) on the Analysis Options tab. Press the “Add X-Y Plot” button
again; click the “Column” radio button (B), and select column 5 from the
dropdown list to add a plot for the center of column 5.

17. The final step is to specify the integration steps at which to plot contours. Press
the “Add Contour Plot” button at A. In the “Select Time Step...” dialog that
appears, enter 10 and press OK. Repeat this procedure to add step 100.

We are now ready to submit the HOT-SMAC analysis. Press the “Analyze” button in the
upper right hand corner of the Main HOT-SMAC form. The HOT-SMAC analysis will
begin and a “Cancel” button will appear over the main HOT-SMAC window. To stop the
analysis, press the Cancel button. The HOT-SMAC interface will be locked out until the
analysis is complete.

After the analysis is complete, if there was a problem running the HOT-SMAC analysis,
a message box will give you the choice of reviewing the ASCII output file. If the
analysis was successful, there will be no message. If there were no problems with this
analysis, we can now view the analysis results graphically on the “Results” tab.
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Results Tab

18. Click the Results tab. When this tab is first clicked, no results are selected

therefore it is blank.

19.

Select a quantity to plot by selecting the quantity “Temperature” in the list box at

A. Next, select the step at which you want to plot results (B). You can plot
contours at Step 10 or Step 100 according to the choices that were selected on the

Analysis Options tab.

Time Step 1
Time Ste; 10

Plothe folidwing:
{Hold <Cui» for muliple selecions)
Sigmal

Sigmaz
Sigmai =l x

Setup 1 G 1 Y -ToemelBC. | MschenicslB.C. | Anelysis Opions | Resuts
Time Dependent Plots : = : i  Tempexatuxs
Row =1 Column=5 90.16801
Row = 10 Column =5 L —
£4.65541
L ]
79.14281
Column (Constant X3) Piote glm
Inc=1. Col=5. Center 73.6302
Inc=100. Col=5. Center 68.1176
62,605
]
Row (Constant X2) Plots 57.0924
L
Inc=1. Row=5: Canter 51.5708
nc=100. Row=5, Center IR
- 46.0672
- A
40, 5546
Fringe/Contour Plots e
35.042

i
+

12.9916

3

1.9664

View Model to

Scale r

You can also display row and column plots by selecting a quantity at A and selecting a

row or column plot at C.

20. Plot the temperature along the
centerline column by selecting
*“Inc=100; Col=3, Center”

You can display multiple quantities on a

single plot by pressing the <Ctrl> key
while selecting quantities to plot.
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21. Plot the centerline stresses in the 1, 2 and 3 directions simultaneously by first
selecting Sigmal and then while holding the <Ctrl> key, select Sigma2 and
Sigma3. The resulting plot should look something like this:

Dyms i
3Ty ey =t Lertari
b £ . .
B B . Sma
" LAHT3
411 eure o G " - 5o fens
ws |- R R - VA
: -
0,
i
o,
fma . s ‘J:
. . "5
. a :
"
=
2 Lot
OB X L COH G e PR JREREY) .
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Changing the Model

After running the analysis, you can change the model and re-submit the analysis. We are
now going to add a “window™ or “hole” into the model and re-run the analysis.

! - - Oreg a bounding box to select a range of cells or select muttiple celis by holding <Ciri>

:ungo of calls or saleci Multj
holding <Culs..

‘Driag d bounding box 1o seleci &

22. Go back to the
Materials tab and
select a range of cells
by dragging a bounding
box (A). From the
Material dropdown (B),
select “Window 17
Press the Apply
Material button (C). A
Window in the model
should appear.

Each window that you define
in the model has its own

boundary condition , N
assignments. These are specified on the Thermal BC and the Mechanical BC tabs.

23. Go to the Thermal BC tab. From the dropdown labeled, “Apply Boundary
Conditions to:”, select Window 1. The boundary cells of the Window defined in
step 22 should be displayed. You can assign boundary conditions to these cells
justas insteps 11 and 12. Change the boundary conditions on these cells to 0 flux
boundaries.

24. Press the “*Analyze” button and when the analysis completes, go back to the
Results tab to view the results.

NASA/CR—2001-211294 12




Setup Y Geometry | Materials Y ThemalBC. | MschanicalBC. | _ Analysis Options | Resuits
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Section 2: Detailed Example Tutorial

Thermo-Elastic Analysis of an Internally Cooled
Structure
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Fixed at Corner Cell

Detailed Example Tutorial

The following example duplicates an example presented in NASA/TM 2001-210702,
“Thermo-Elastic Analysis of Internally Cooled Structures Using a Higher Order Theory”,
in which a thermal barrier coated actively cooled panel is subjected to an intense flame
heating boundary condition. First, the example will be worked step by step, and finally,
the results of this analysis compared with the 2001 NASA/TM will be presented.

Problem Description

Tinf = 3600 F

Tinf = Linear Profile

h=2.04E6
h=3.0E-4 Tinf=3600 F Free Mech.
(5 Holes)

Free Mech.

Tinf= 1292

- h =3.87E-5

Q=0 Free Mech.
Symmetry (5 Holes)

A

Table |I: Material Properties

Tinf=1292 F
h =2.04E-6
Free Mech.

Tinf=1292 F

Tinf=1292 F
h = 2.04E-6
Free Mech.

Material E(psi) v o (10%°F) K (Btu/in-s-°F)
Substrate: Silicon Nitride ~ 4.35x10”  0.22 1.83 4.01x10™
Bondcoat: Mullite 2.1x107  0.20 2.94 7.84x107
Topcoat: Porous Zirconia  3.63x10> 025 6.25 2.68x10°
Table 2: Dimensions

Dimension Value (in.)
Total length 0.5
Total height 0.135
Hole length 0.07
Hole height 0.07
Distance between holes 0.025
Bondcoat thickness 0.005
Topcoat thickness 0.005

NASA/CR—2001-211294 17



Problem Setup

. Start HOT-SMAC. The first tab that appears on the main HOT-SMAC window is the
Setup tab. Because the materials in this problem will be treated as linear elastic,
select “Elastic” from the Constitutive Laws drop-down (A). Next, press the
“Select/Define Materials” button (B) to bring up the Material Editor form.

~HOT SMAC alz]xf
Fle Options Hep
Problam Tite [Sampie Froblem Trie Fun FOM
Sep T by ] Resuls
Grading Scheme

" One Direction
& Two Direclions
nng

& Continuous Fiber
LRt o il Rt etetel

¢ Temperature indspendem
* Temperature Dependent !

Number of Phases [—3

(Madarials)
Selec/Define Materials I

Material Properties

2. On the Material Editor Form, change the Material Model (A) to “Elastic” and enter
the material properties as outlined in Table 1. The Silicon Nitride substrate material
properties are shown here. After entering material properties, be sure to press the
*Apply Change” button (B) to save the current material. To enter the next material,

= HotFGM Material Editor

Fie Hep

Bpplyctﬁ»gel cbpmesﬁdlm PrevMaman‘all NsadMateria!I

x|

Material Nama lSubstrate

—Tempoerature Independent Propert
. Mechanical Properties

E (sded)
E (ransverse)  |435E+07

[435E+07

G [tE+07

Poissons (exial) ]n 21

Poissons (tmns)lg 21

Thermal Properties
K (axial) [0 000401
K (ransverse} |0 000401

Material Model 'EIashc j

Axis of Symmetry [l
© (Axel Direction)

c2C3

3]

Mechanical Properties

1 Temperature Dependent Propsrties --——

Yield Stress I L E

Plastic Modulus 1 e

Cresp Cosfficient | -

Creap Exponent I BTl

Creep Activation

I\' HERRR IS
Energy

Thermal Propaertias

alpha (axia) J1 83E-06

sipha {ransverse) [ 83£-06

Agply Chanoe
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press the “Copy Material” button (C) and enter the name of the new material. Then
enter the new material properties and press the “Apply Change” button. To navigate
through the materials, use the “Prev Material’” and “Next Material” buttons.

3. To save the materials for future use, you can export them to
an ASCII file. Select “Export Materials” from the File Fle
menu, and type a filename for the exported materials. All Import Materids | \aterial
materials in the current HOT-SMAC model will be
exported. The exported materials file will have the
extension “fmat”. In another HOT-SMAC problem, you
can import this ASCII file by selecting “Import Materials” from the same menu.
Close the Material Editor Form

= Hoth GM Material Editor

Close Window trate

Geometry

4. Onthe HOT-SMAC main window, select the Geometry tab. Begin by setting the
overall dimensions and the number of cells. For the Height (A), enter 0.135 inches
and 8 subcells and for the Length (B), enter 0.5 inches and 22 subcells. When
complete, press the “Update™ button (C). By default, the model is drawn to maximize
the size of the graphics window. To view the model to scale, check the “View Model
to Scale” checkbox (D).

Total Height (<2) s

Subcells in 2 direction IS—_——ﬂ

(eveninteger)
Linear Grade in X2 direction r

nl I
Total Length (X3) |0 5
Subcalls in 3 direction lzg ﬁ -

(evan integer)
Linear Grade in X3 direction r
x2 Sslected Rowls)
|/ 1 ] -I m Entar Row Heights I Enter Loyer Deptis I
BT s curey |
Update View
4C W xa | | E Enter Column Lengths S::ale r

5. There are several ways of manipulating the cell sizes. You [« Enter /Change X2 VeliiEd]
can enter the individual row heights and column widths by
pressing the “Enter Row Heights” (A) and “Enter Column
Widths™ (V) buttons, respectively. Enter the heights for
each row, by pressing the “Enter Row Heights™ button (A).
As you enter each height value, press the <Tab> key to
enter this value and move to the next value, or press the
<Enter> key. As you enter each value, the total height of

the grid will be displayed in the “Total Height” textbox. Total Height
? = After E Updm}é || 0135

D~ U W N e

entering all

|
oo
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of the cell heights, press the “Update” button (C). The grid should now appear as
shown.

6. You can also manipulate the cell sizes by selecting cells and then changing the
dimension of the selected cells as a group. Try this by selecting the first two columns
of cells (A) by left clicking on the grid and dragging a bounding box around the cells.
Any cells that are included in the bounding box will be selected. To de-select cells,
press the right mouse button. Alternatively, cells can be selected by holding the
<Ctrl> key and left clicking on individual cells. Notice that when these cells are
selected, the total height and length of the selected cells (i.e. the sum of the individual
row heights and column lengths) are displayed in the Height and Length textboxes.
You can change this height and/or length by entering a new value for the dimension
in the corresponding textbox. Change the total length (B) of the first two columns to
0.025 inches. The mesh will be updated and the first two columns will each have

:-Pows - - : -
| TotnHeigho@)  [g0z;s
Subceils in 2 direction l =
| (eveninteger) j
| Linear Grade in X2 direction r =7
| |
—Columns - o ey
t 4
Total Length (X3) mr—
I

! Subceils in 3 direction
S -

: Linear Grade in X3 direction i
i b Selected Row(s)

I ; - l/m [z 7] Enter Row Heights | Pt | st Dt

Update Selecled Column(s) View Modelto -
x3 2 Rl Enter Column Lengths I Seale

lengths of 0.0125 inches so that the total length of the first two columns is 0.025
inches.

Repeat this procedure for the second two columns for a length of 0.07 inches and
alternate 0.025 inches and 0.07 inches down the length of the grid.
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Material / Window Assignment

7. On the HOT-SMAC main window, select the Materials tab. Drag a bounding
box around all but the top two rows of the grid, select “Substrate” from the Materials
dropdown (A) and then press the “Apply Material” button (B). Select the next row,
and apply the “BondCoat” material, and select the top row and apply the “Top Coat”
material. It might help when entering the materials to turn off the “View Model to
Scale” checkbox.

Material Assignment Options

@ User-Defined
C Automatic Grading

Muatarial
lSubstrme vI

Apply Material E l

8. Windows (or holes) in the grid are also entered on the Materials tab. To enter the
first window, select the cells shown (A) below [(3,3) to (4,4)], select “Window 1”
from theMaterial dropdown (B), and press “Apply Material” (C).

Material Assig t Options

& User-Defined
-~ Autometic Grading

Materiel
8B to] |
8C Apply Material
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~ Material Assignment Options
& User-Defined
 Autometic Grading

i

‘ Materiel

D &
|
[

Apply Material [%

Each window is treated as a separate entity and must begin on an odd row/column and
begin on an even row/column. If cells are selected that do not meet this criteria, the GUI
will notify you and attempt to adjust the window size to meet this criteria. Next, enter the
second window by selecting cells (7,3) to (8,4) (D). Select “Window 2” from the
Material dropdown (E) and press “Apply Material™.

Repeat this procedure for windows 3, 4 and 5.

Matexrials

Windows can be removed from the grid by selecting “Remove Windows in Grid” from
the Options menu of the HOT-SMAC main window. Note that if windows are removed
from the grid, then materials must be re-assigned to the cells that were a part of that

window.
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Thermal Boundary Conditions
By default, all boundaries (for the entire grid and for each window) are assigned a

uniform temperature of 0 degrees. In the following steps, we will assign the convective
heating and cooling boundary conditions to the model.

9, On the HOT-SMAC main window, select the “Thermal B.C.” tab. When this tab
is selected, the boundary conditions for the entire grid (as opposed to the windows)
are displayed. Draw a bounding box to select the boundary cells corresponding to the
flame (cells 1-6 along the top) (A). The boundaries of these cells will become

Apply Boundary Conditions io:
[Eviva G 3] mmmj

I |

; Thermal Boundary Condétion - -~ U A

| -

! Type ;
lCowectlon vl i
i

) Convective Temperatre i [ ] 4 L |

{3660 !

| Comvective Cosficient i - - 4 - - .
30E-4 ‘

' ] [ |

| I UneasBC Distibution |

! it
e —I——l—-++-—.—+“++*++
x2 Laysr#

1 .
X1

o Jpeeen o
X3

highlighted. Selected “Convection” from the “Type” dropdown menu (B) and enter
3600 F and 3.0E-4 as the convection temperature and coefficient respectively (C, D).
Finally, press the Apply Boundary Condition button.

10. Next, enter the convective boundary away from the flame. In this case, the
boundary condition linearly varies from the flame to the right end of the model.
Select the remaining boundary cells and then check the “Linear BC Distribution”

Apply Boundery Condiions oo o B e B oo e el Bl e B
[Entire Gria =] 2
337¢
i Thermal Boundary Condition - - - 3150

|
 Type » 292¢
i ’Curvvecﬂon vI 271
; : 247%
| EndAComveciveTompersture . 1 n 2250
: |3500 : Tz:
___]
End A Convective Coeficient ] an BB BE Bl 11 180C
i H —
| feoees 157¢
H L nd
_ o . [ | 1350
Linear BC Distribukon m
End B Convactive T ‘ “—D'
fize ! ! -—
End B Convection Cosficient | GE
|2 04E-6] ; L 450
e o e-l-ww ' wwnsln-ww sl nwwele ¥
82 Layer # 0
x I B
Apply Boundary Condition A
A B

checkbox (A). A second set of convective temperature and coefficient textboxes will
appear. Enter the values shown and press the “Apply Boundary Condition™ button.
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1l.  The entire right side and bottom boundary conditions will be assigned a
convective temperature of 1292 F and coefficient of 2.04E-6. The left side boundary
condition is a symmetry boundary and should be assigned a flux boundary condition
of 0 (insulated). Assign these boundary conditions now by selecting the appropriate
boundary cells, selecting the Type, typing the numerical values and pressing the
“Apply Boundary Condition™ button.

BC Magnitude
3500
3375
3150
2925
2700
2475
» : ® 2250
2025
1800
1575
1350
1125
500

S

V)

L 4
\_m

450

o
~d
| u‘|

»
N
w

to++n++n—o——o—o¢++o-++o
X2 Laver# O

12. Next, apply thermal boundary conditions to the first window in the grid. Select
“Window 1" from the “Apply Boundary Conditions To:” dropdown list (A). The
boundary cells for Window 1 are highlighted.  apply Boundery Conditions w:

Select all of the boundary cells for Window [, Wndow {i@
When you select the cells, the following ~Thermal Boundary Candition—
message box will pop up: | Typs
_ [Convection Ba ) -
HOT SMAC -
] Convecti [ ] ]
! An equa number of cels in the 2 (vertical) and 3 thorizonta) f zgzam Tomparare
d directions were chosen. Do you want to apply boundary ) » ]
condiions in the 2 (vertical) drection? IC°"V°°'~° Cosficient
I87E-5
. ]
I Yes ] No I I Linear BC Distribution
f T

Because boundary conditions for some cells

(such as the corner cells) are entered for both the top/bottom and left/right surfaces, when
boundary cells are selected, the HOT-SMAC GUI attempts to determine whether you
intend to apply boundary conditions in the vertical or horizontal directions. If it cannot
determine which to apply, it will ask you. Press the Yes button to apply the vertical
boundary conditions. Type in the appropriate boundary condition values (T=1292 F,
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h=3.87E-5) and press the “Apply Boundary Condition” button. Select the boundary cells
again, and this time, press No when the message box pops up to indicate that you are
applying boundary conditions to the horizontal boundaries. Repeat this procedure for the
remaining four windows.

Mechanical Boundary Conditions

Mechanical boundary conditions are entered in a very similar way to thermal boundary
conditions. In the following steps we will assign mechanical boundary conditions to the
model. Just as with the thermal boundary conditions, we start by applying boundary
conditions to the entire grid and then apply them to each window.

13. From the HOT-SMAC main window, select the Mechanical B.C. tab. The default
boundary condition for all boundaries is “pinned” or zero displacement in both the 2
and 3 directions. Select the boundary cells along the top, select “Free” from the
“Boundary Type” dropdown, and press the “Apply Boundary Condition™ button.
Repeat this procedure to apply free boundary conditions along the right side boundary
and then for the bottom boundary.

Apply Boundary Conditions to:

IEn(cre Grid :J
Boundary Type
IFree _v_] []>
(~ Boundary Condition in 2 Direction —
Type > <]
IR £
Amplitude 1 1 L | - - 1

w4
A
A\
p i y

- Boundary Condition in 3 Direction—

Type

[ 3 T

Amplitude [ﬁ

N AN AN AL A NN AN NN
[
%2 r~Uniform Stress or Strainin 1 Direction -1 — w9 ganeralized Plane Strain Laysr#
1 1 € 511 velue Specitying Generalized Plane Strain l1 'I
| 138 eam B | Doyt
X3 |
14. For the left boundary, select all of the boundary cells, select “Roller” from the

“Boundary Type” dropdown, and press “*Apply Boundary Condition™.

15. In order to prevent singularities, the boundary conditions must prevent any rigid
body motion. This is accomplished by “pinning” the lower-left corner cell. Select
this cell, answering “Yes” when the dialog pops up to indicate that this boundary
condition will be applied in the 2 (vertical direction). Select “Pinned” from the
Boundary Type dropdown, and press “Apply Boundary Condition”.
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The boundary conditions for the entire grid should appear as shown below.

Z

16. Select the boundary cells for each window (using the “Apply Boundary
Conditions To:” dropdown) and make each boundary for each window “free”.

Uniform Stress or Strain in 1 Direction

€ g1l Vale
f&oll o

NASA/CR—2001-211294

17.

Finally, specify that the out-of-plane (1
direction) boundary condition is that of zero
stress by clicking the radio button at A. Note
that this indicates that the average stress for the
cross section is zero, not the stress for each cell.
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Analysis Options

Because this is a linear, elastic, non-time dependent problem, the entries on the left side

of the Analysis Options tab are not applicable to this problem. For linear elastic
problems, only one load step is performed, and the Mendelson iterations are not
applicable. Therefore we need only specify plotting options on the right hand side.

m AddX-YPIot’ﬁI:I:! Add XY Plot ]

i

Because this is not a time dependent problem, there is no need to add a time dependent
plot under the Time Dependent Plot Options.

Load History Options e - i Time Dependent Plot Options } Contour/Fringe Options ~— -~
Step Number Load % Time Step | Echolnterval | 25
50 100 1 Time dependent plots Contour { Fringe Plots
TimeStep = 1
AddTime/Step I Add Time Dep. Plot Add Contour Plot I
werdelzonbereions - -+ - - ———--- - Globel Constents — - —-—y ~%-Y Plotting Options
M herations | 0 i Reference Temperature | 10 Raw (constant X2) piots
[ 6-Top
Convergence | 0.001 E Convective Coefficient [ 1.0 8-Top
Step number for X-Y Plot Calumn (constant X3) plots
TimeStep =1

18.  Add a contour plot by pressing the “Add Contour Plot” button (A). In the
resulting dialog, type “1” to indicate that a contour plot should be generated on the
first (and in this case, only) load increment. Press the OK button.

19. Add an XY Plot Time point by pressing the “Add X-Y .
Plot Time” button (A). In the resulting dialog, type “1” to  Maaeikafii X
T XY Plot Direction ———
indicate that row and column plots should be generated on | ' (Constnt®2) Plot
the first (and in this case, only) load increment. Press the 1 ¢ Colurmn (Constant3) Plot
“Add X-Y Plot” button (B) to add rows and/or columns to |
plot. In the resulting dialog, add a row plot for the top € Battom ¢ Center ¢ fTop
surface of the grid, which is row 8 along the top of the o 7]
cell. Press the “Add Plot” button to add this plot. Press
the Add X-Y Plot button again to add another row plot Add Rlot Close ]
along the interface between the substrate and the

Row (constantX2) plots bondcoat, which is row 6 along the top. You can delete any row

6-Top
§-To

NASA/CR—2001-211294

or column plot (or X-Y Plot Time or Contour Plot Time).
Simply highlight the plot on the Analysis Options tab, and press
the <Delete> key.
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Running The Analysis

20.

21.

Now that the problem is set up, press the “Analyze” button to run the HOT-
SMAC analysis and import the results into the GUI.

On the HOT-SMAC main window, press the Results tab to view results from the
latest HOT-SMAC analysis. The first time that this tab is shown, there are no results
selected for display. First select a quantity to display. Highlight “Temperature” in the
list box (A) labeled “Plot the following”. Next highlight “Time Step 1” in the
“Fringe/Contour Plots™ listbox (B) to display contours of temperature at the first load
increment. Click on other quantities in listbox A to view stress results on the model.

Setup 1 G 1 ] ThemeiBC_ | MechenioaiBC. | AnalysisOptions | Resuhs

Y

Time Dependent Plots

Temperature

Calumn (Constant X3) Plots

2401.401
2364.913
2328.426
2291.938

Row (Constant X2) Plots

" 2255.45
2210.963
2182475

Inc=1" Raw=b Top
inc=1 Row=8 Top

Plot the following:
{Hold <Cul» tor muhiiple seleclions)

Sigmal
Sigme2
Sigme]

Impon Results I Export Plot

2145.988
21095
2073.013 - -
2036.525
2000,038

<o 1963, 55

- °-1937.083
1650. 575
1654, 088

16817.¢

=

View Model to

Scale F

22.

Next, plot stresses along the substrate-bondcoat interface. Highlight the item,
“Inc=1, Row=6, Top™ in the “Row (Constant X2) Plots™ listbox (A). When this is
highlighted, whatever quantity is highlighted at B is plotted in an X-Y graph as a

Can

ED

Setup Y Geomelry T ]| ThemaiBC_ | MachenicalBC_ | Analysis Optons | Results
Time Dependent Plots
P Sgma3 “ Sigma3 (Inc=1; Row=6; Top)
12130
Column (Constant X3) Plots
7110
Row (Canstant X2) Plots
Inc=1: Row=8 Top 2080,
° 2
Fringe/Cortour Plots '
Time Step 1 4
-2930 :
Plot the foliowing:
Hold <Crt> for multiple selactions) :
Temperatuig - -7950 '
12970, Wyt : -
0.1000 0.2000 0.3000 0.4000 0.5000
Import Results Export Plot ‘ X3
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function of X3. You can also plot multiple quantities in the X-Y plot. To plot
multiple quantities, hold the <Ctrl> key and select quantities in the bottom listbox ()
or just click an hold the mouse button on any quantity and “swipe™ multiple
quantities.
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Section 3: HOT-SMAC Verification Example

Thermo-Elastic Analysis of an Internally Cooled
Structures
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Analysis Results

Analysis results are presented here for the NASA/TM example problem that was used as
an example tutorial in the last section. Comparisons to the NASA/TM results are
presented as appropriate. The solution is first presented on the 8§x22 mesh from the
previous section. Next, the analysis is presented on a mesh with 26 cells in the X2
direction and 74 cells in the X3 direction.

8X24 Coarse Grid

e Material Layout
Materials

TopCoat

BondCoat

Substrate

e Thermal Boundary Conditions

Y Y | ¥
L PP P

R L B S S 4 am emm o ) ol S B

e Mechanical Boundary Conditions

Dﬁrf—— —_— —
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Temperature Contours

Contours of 11

NASA/CR—2001-211294

Temperature

2400.401
2363.913
2327.426
2290.938
2254.45
2217.963
2181.475
2144.,988
2108.5
2072.013
2035.525
1999.038
1962.55
1826.063
1885.575
1853.088

1816.6

Sigmal

15301

10144.06
4987.125
-169.8125
-5326.75
-10483.69
-15640. 63
-20797.56
-25954.5
-31111.44
-36268.38
-41425.31
-46582.25
-51739.19
-56896.13
-62053.06
-67210



¢ Temperature along top and bottom
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o1 in substrate along substrate-bondcoat interface (Present)

15000
10000
5000
T 0 —e— Sig1
-5000
-10000
-15000
0 0.1 0.2 0.3 04 0.5
e o1 in substrate along substrate-bondcoat interface from Ref. [1]
20,000 e
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£ 5,000
©
0
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o022 Contours

NASA/CR—2001-211294
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Sigma2
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e 022 in substrate along substrate-bondcoat interface (Present)
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26X74 Medium Grid
Temperature

e Temperature Contours 2602.601
2553.595
2504.588
2455.582
2406.576
2357.569
2308.563
2259.557
2210.55
2161.544
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e Temperature along upper and lower surfaces
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cl1 along substrate-bondcoat interface
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Discussion

The results presented here are not so much to validate the physics of the HOT-SMAC
method as to validate the process of building HOT-SMAC grids and analyzing the results
using the new HOT-SMAC GUI against a body of established HOT-SMAC results.

In general, the results predicted by the current version of HOT-SMAC compare well to
the results presented in Reference [1]. The first thing to notice is that in the temperature
profile plots, the current version of the software appears to generate a very similar answer
to the finer mesh solutions of the software used in [1].

The sl 1 and s22 stress result trends seem to be the same, however, the magnitudes seem
to be off slightly for a given mesh density. For example, in the s11 plots at the interface
between the substrate and the bondcoat, the lower bound on the stress is approximately —
10000 psi, where in [1], the lower bound appears to be closer to —8000 psi. Three
possible causes for this discrepancy are: 1) The meshes are not identically the same; 2) it
appears that the elastic material properties (E, v, K) are temperature dependent in the
work of Ref. [1], where in the current software, only the thermal expansion coefficient is
temperature dependent, 3) an averaging of field quantities within each subcell is used in
the current software package; whereas in Ref. [1] actual point wise results where shown.
It appears after further investigation that the bulk of the discrepancy is due to this
averaging process; consequently the use of this averaging procedure will now become an
option rather than mandatory.
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Section 4: HOT-SMAC — HyperSizer Integration
Research
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HOT-SMAC - HyperSizer integration research

HyperSizer passes panel level solutions to HOT-SMAC to obtain local analyses of
particular design features. The HyperSizer solution obtains accurate thermoelastic
internal loads and resulting stress and strain fields for all of the panel span segments
based upon a consistent state of Free Body Diagram load balance and strain
compatibility. However, HyperSizer formulations are based on classical lamination
theory and Kirchoff’s plane sections remain plane deformation theory and as such do not
consider Z axis (axis in the HOT-SMAC 2 direction) effects.

In this example, the HOT-SMAC software is used to supplement HyperSizer’s solutions
by providing computation of shear stress (t23) and normal peel stress (o) for bond
regions and areas of free edges. The problem is a hat-shaped, metallic stiffened panel
with a machined/extruded built-up plate region to represent the facesheet to flange design
feature.

Shown in the figure is the panel cross section to relative scale. The orange circle
represents the area of analysis refinement.

The actual design dimensions and material follow.

Unit Weight 291

Top Face - thickness 0.0936

Core Web - thickness 0.029
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Bottom Face - thickness 0
Panel - height 1.713
Corrugation - spacing 5.9
Bottom Crown - width 1.328
Core Web - angle 72.91
Top Flange - width (hat only) 2

Top Clear Span - free width

Top Flange - thickness

Bottom Crown - thickness

Variable Design Materials

Top Face -
thickness

Core Web -
thickness

| - Titanium "Ex3002-Ti-6Al-4v, commonly used aerospace
Titanium (UNS R56400)"
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For this specific panel design, the HyperSizer user is able to enter the applied edge
loading and edge boundary conditions. In this example a compressive load of —2000
(Ib/in) is applied with constraints against rotation and translation of the other remaining
edges. To enforce zero curvature and strain in the panel in these directions will cause
virtual loads to be developed. In this case the virtual loads of Ny =-516.655, Mx = -
370.93, and My = -3.01015 are developed. Note that in the direction of the applied
membrane load, a strain of —8.990739E-04 is developed.

[ Graphics 1 Faflure | Design-toloads | Computed Properties | Buckling 1 FEM Loads
Variables ) Concepts T FBD [ ___ Objectioads T Options 1 Notes
~Input (Per Load Case)
[FoLIMIT-MECHANICAL#* Load Case #1 "one" (Mechanical Set #101, Therma Set #201) =]

& Mechanical Load Set #101 "Load Set 101"
¢ Thermal Load Set #201 "Load Set 201"

¢ FEA Loads - Projects Only I & Ny ey

Nxy yoy Mo g My xv Mxy soxy Ox

Ref Temp | Temp
Pressure 77 Grad

& UserLoads Appled Unit value |Load » {Constrained ¥

Cons

9.7
traned ¥ J Constraned v Jconstraned > Jconstraned v fLoad >]Load ~]

For Strength Analysis  }-2000

For Bucking Andysls  |-2000

rPoint Free Body Diagram (Constant Forces)

rSuperimpose Pressure
M Local Level ] Panel Level

|P @ IP L

{4 ..
—

{0 Zero Out FEA Computed Moments  [FIXED Boundary Conditon ¥ ]

Mx My ox Qv

Mdspen o o 0 0

EdgeCenterio o o 0

rFree Body Diagram Output {Controlling Factored Loadcase)

Controling Analysis Load: STRENGTH  Nx ex Ny &y Nxy vy MX xex My xy Mxy sy ox Qy
Virtual Loads o -516.655 o 1370.93 [3.01015 o o o
Design-to Loads -2000 -516.655 o 370,93 +3.01015 o o o
Desigr-to Deformation  (-8.990739-04[0 0 0 o o o o

These resolved internal panel loads are then further refined to each of the defined
analysis_objects that build up the panel. For this example we are interested in
analysis_objects Clear Span [1] and Bonded Combo Top [7]. Their loads are shown in
the figure below and their location on the panel is indicated by graphic in the failure tab.

Load Results
Object | N |y Nty [ M [ My [ Moy | Temperatu...| TTG
Clear Spen [1] 150822 -516655 O 0 ) 0 72 0
Closed Span [2] 150822  -516655 O 0 0 0 72 0
Bonded Combo Top [7]  -197552  -516655 0 200754  -887994 0 72 0
Web [10] 422385 0 0 0 0 0 72 0
Crown Bottom [12] 422385 O 0 0 0 0 72 0
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The failure tab shows margins-of-safety for the various failure modes that may occur for
the stiffened panel. These failure analyses include metallic yield and laminated
composite material strengths for the in-plane normal and shear directions. However, for
regions such as the analysis_object Bonded Combo Top [7], they do not include
interlaminar stresses nor peel stresses (Z axis effects). For this type of analysis the
HyperSizer resulting state of stress and strain is passed to HOT-SMAC for more detailed

analysis.
( Variables | Concepts 1 FBD 1 Objectloads | - Optlons 1 Notes
Graphics T Fallure Y Design-to Loads | - Computed Proparties | Buckiing Y FEM Loads
~Family Concept Figure rAvm Fallure Analyses —
Bended, Hat Stiffened Limit MS utms Location - Analysis Description
O|_0.2302 Web [10] Local Bucking, Longiidna Direction K
0,2302_| Web [10] Local Buckling, Interaction
0.9329 Crown Bottom [12] Local Bucking, Longitidnal Drection
1.105 Spading Span [20] | ocdl Bicking, | ongibdinal Cirechon
1.105 Spadng Span [20] Local Bucking, Interaction
1.866 Hat Cripping - Bucking interaction, Johnsorn-Euer
1868 | Hat Panel Bucking, Unsymm Biaxid w/ TSF -
1.868 Hat Panel Bucking, Unsymm Biaxial w/ TSF&Shear Interaction
1.952 | Hat Panel Bucking, Unsymmetric Biaxial
1.952 | Hat Panel Bucking, Unsymm Biaxial w/ Shear Interacton
2.966 Closed Span [2] Local Bucking, Interaction
2.966 Closed Span [2] Local Buckling, Longitidnd Direction
interaction Face {21 Interaction Alf {22} 4.59. Hat Cripping, Isotropic, method N, formed and extruded sect
- ’ 4919 | Hat Cripping, Isotropic, method LTV, formed and extruded sec
6.737 6,737 Bonded Combo Top [7] =obeps: Srasch Lindin 303 Dee
6,82 6.82 Clear Span [1] Isolropic Strength, Longitudinal Direction
S 6.82 6.82 Closed Span [2] Isotropic Strength, Longitudinal Direction
Panel mep fs 7.308 Clear Span {1] Locd Bucking, Longitidina Direction
7.308 Clear Span [1] Loca Bucking, Interaction
#,‘:::‘ Truscers ’;{f{ ) .}::::m 7.651 7E51__| Crown Bottom [12] Isotropic Strength, LongitLidnal Drrectior
russcere s 7651 765 Crown Bottom [12] Isotropic Strength, Von Mises Interaction
- e 7.65 7.65 Web [10] Isotropic Strength, Von Mises Interaction Yield Criterd
7.65 765 Wweb [10] Isotropic Strength, Longitudna Drection
7.685 7.689 Borded Combo Top [7] Tt Saigtsi o B fiites
7.884 7.884 | Closed Span [2] Isoropkc Strength, Von Mses Interaction Yiek
7.884 7.884 Clear Span [1] Isotropic Strength, Yon Mises Interaction Yield ¢ w
4 : : | »
Toggle ] Togge I Reset to Defauit Analyses I Set as Default Analyses J

A HOT-SMAC model of cells was generated using the GUI developed under this CTO
contract. The model is depicted below in relative scale proportion.

i

As can be seen in this image, the model is refined in the stressed areas of interest.
Because of the difficulty in seeing the mesh refinement, the HOT-SMAC interface allows
the user to exaggerate the model scale. This GUI feature is used in the remaining images

of the HOT-SMAC model results.
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The model has 20 cells in the vertical (X2) direction and 40 cells in the horizontal (X3)
direction. A window was placed in the bottom left quadrant to represent the free edge
feature of the flange line. The interface’s feature of being able to automatically grade the
mesh refinement was used to generate more cells in the region of the corner.
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A symmetry boundary condition was idealized by using the roller boundary type on the
centerline of the bond region, represented with the circles on the right hand side. The red
triangle is a pinned b.c. and is added to prevent solution rigid body motion.

The HyperSizer computed stress was applied uniformly to the left hand side of the model
as represented with the black triangles (custom boundary condition). The HOT-SMAC
terminology for this applied loading is traction for stress and amplitude for magnitude.

This traction load is calculated by (Ny/skin thickness) = 516.655 / 0.0936 = 5519.8 psi.

The cross sectional face (1 direction) is loaded in uniform strain with a magnitude of
8.990739E-04 that was computed by HyperSizer. Note that the HyperSizer solution was
for a compressive load, but the computed results from HyperSizer were reversed when
entered into HOT-SMAC so that tensile peel stress would develop.
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For this loading and boundary conditions the following values of the stresses are

computed with HOT-SMAC.

X1

X3
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As a check, the resulting value of stress computed by HOT-SMAC (in the 1 direction) is
verified with the stress computed by HyperSizer (in the panel X direction).

The left side of the model shows a nearly uniform stress of 16,115psi, as noted in green.
The right hand side of this model shows a stress gradient ranging from about 16,700 psi
to 15,000 psi with the integrated average that appears to be close to about 16,11 5psi.

This compares well to HyperSizer’s calculation of stress.

The left side has a thickness of 0.0936” and the thicker part a thickness of 0.1226”. As
can be seen from the image of the HyperSizer Objects Load tab, the Nx value for the thin
region is 1508.72 (1b/in) and Nx for the thick region is 1975.52 (Ib/in).

1508.72/0.0936 = 16,119 psi and 1975.52/0.1226 = 16,114 psi.
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